The data underlying the results presented in the study are available here: <https://doi.org/10.6084/m9.figshare.12591830.v1>.

Introduction {#sec006}
============

Despite a global reduction of 44% in maternal deaths from 1990 to 2015, the current global maternal mortality rate of 216 per 100,000 is far from international targets \[[@pone.0235954.ref001], [@pone.0235954.ref002]\]. The maternal mortality gap between high income countries (HICs) and low and middle income countries (LMICs) is still staggering \[[@pone.0235954.ref002]\].

The challenges to address the maternal and neonatal mortality is different across low (LICs) and middle income countries (MICs). While LICs suffer from limited capacity and resource shortages, the challenge for MICs is partly an issue of coordinating the network of obstetrical services \[[@pone.0235954.ref003]\]. Currently, MICs account for the greater disparities in access to emergency child and obstetric care (EmCOC) compared to low income countries (LICs) \[[@pone.0235954.ref004]\]. Challenges in EmCOC coordination have been explored in Brazil, Russia, India, China and South Africa (BRICS) \[[@pone.0235954.ref005]--[@pone.0235954.ref008]\]. These lack of access problems reflect an unbalanced distribution of health facilities \[[@pone.0235954.ref003]\]. Geographic access is an important component of maternal and child vulnerability and should be considered when deciding the location and scope of services offered at health care centers \[[@pone.0235954.ref009]\].

Studies using geospatial analysis for maternal care, comprising techniques capable of integrating location data with maternal outcomes data, are increasing in frequency \[[@pone.0235954.ref010]\]. When performed at a national level, this approach can assess health care systems and identify EmCOC saturated or deprived regions. A study have found maternal mortality increased in rural settings, non-capital locations within states, and in lower population density locations supporting a need for more services \[[@pone.0235954.ref003]\]. These macro-level insights can support health policy yet there remains limited studies covering all necessary domains.

The middle income status, unequal deployment of health policy, regional variations, and robust health system level data makes Brazil an ideal country to apply health geographic tools to maternal and neonatal outcomes \[[@pone.0235954.ref009]\]. From 1990 to 2010 Brazil has seen an overall decrease in maternal mortality, however progress has slowed since 2001 \[[@pone.0235954.ref007]\]. Child mortality also decreased during the same period. However, there is still a expressive volume of deaths during the neonatal period. At the same time, Brazil refers shows a continued EmCOC access disparities. Reasons for EmCOC limitations include incomplete implementation of policy and a highly unequal society with varying levels of health access \[[@pone.0235954.ref009]\].

Improved coordination of maternal care and access to EmCOC are imperative to reach the Sustainable Development Goals for maternal and neonatal populations \[[@pone.0235954.ref011]\]. The objective of this study was to better understand how the lack of access to EmCOC can be related to maternal and neonatal mortality levels. Our study aimed to identify regions facing historic challenges in terms of high mortality trends simultaneously with a lack of access to EmCOC. Our point is that these regions should receive more attention in terms of policies and resource investments. Once the methodological steps performed proof to be able to identify areas to drive investments, these steps could help other countries to perform similar evaluations aiming to improve EmCOC access.

Methods {#sec007}
=======

Study design and setting {#sec008}
------------------------

Our study is ecological with a space time approach. The unit of analysis was the 5565 Brazilian municipalities. We used Brazilian hospital databases to gather evidence regarding the geospatial distribution of maternal and neonatal emergency services. All analyses were done separating neonatal and maternal emergency characteristics. We performed a overlapping geospatial analysis to stratify regions with high levels of neonatal and maternal mortality, simultaneously facing a lack of accessibility regarding EmCOC. Maternal mortality was considered a proxy for lack of prenatal and obstetric care. Neonatal mortality was analyzed as a proxy for lack of neonatal and prenatal care. The mortality trends were defined considering space-time clusters highlighting regions facing historic difficulties with high mortalities rates. The access to EmCOC was mapped using gravity models \[[@pone.0235954.ref012]\] through the two step floating catchment area (2SFCA) and hotspot approaches. The overlap among regions with high mortality or with a slow mortality decreasing pattern and low EmCOC access would define a group of municipalities that should be prioritized in terms of emergency policies.

Context {#sec009}
-------

Brazil is the ninth largest economy in the world in 2015 \[[@pone.0235954.ref013]\]. The country is currently facing a deep recession and has implemented measures to limit investment in the public health system during the next 20 years \[[@pone.0235954.ref014]\]. Health services in Brazil are mainly provided by a Universal Health System \[[@pone.0235954.ref015]\]. The country is composed of 26 states and a Federal District, divided between 5 geopolitical regions ([Fig 1](#pone.0235954.g001){ref-type="fig"}). A decrease in public health funding increase the need for policies capable of maximizing the impact of scarce resources. Thus, the present work defines a sequence of steps to analyze the health situation concerning EmCOC to create insights capable of supporting policies. This type of need is common in LMICs.

![Brazilian states and regions.](pone.0235954.g001){#pone.0235954.g001}

Data sources and variables {#sec010}
--------------------------

All data analyzed was obtained from public secondary databases, and no approval of Ethics Committee was necessary.

### Mortality data {#sec011}

All neonatal and maternal mortality cases were gathered from the Mortality Information System (MIS) \[[@pone.0235954.ref016]\]. The data analyzed cover a time span ranging from 2000 up to 2015. The rate of neonatal mortality was weighted by the number of born alive extracted from Born Alive Information System \[[@pone.0235954.ref017]\]. Demographic information about the population size was collected from the Brazilian Institute of Geography and Statistics \[[@pone.0235954.ref018]\]. The population data was used to estimate the weighted maternal mortality ranged from 2000 to 2015.

### Emergency care data {#sec012}

Data of Brazilian hospitals were categorized in two groups regarding neonatal and maternal emergency capabilities. We analyzed data from 925 hospitals of which 684 offered intensive care unit (ICU) beds dedicated to the neonatal care and 581 offered obstetric beds. All hospitals were geolocated using information provided by the National Registry of Health Facilities at 2015 \[[@pone.0235954.ref019]\].

Data analysis {#sec013}
-------------

Three analytical steps were performed to characterize the relationship among mortality and accessibility to emergency services. The first step assessed the presence of time dependent clusters of municipalities by levels of neonatal or maternal mortalities. The second step refers to the analysis of accessibility of emergency services regarding hospitals with services dedicated to neonatal and maternal care. The last step comprised an overlap analysis among regions with increasing trends regarding mortality rates or regions with decreasing patterns below the average, concomitantly with low access to emergency services. The municipalities selected with this approach were considered as having more needs in terms of policies concerning EmCOC.

### First step: Space time and hotspot clusters analysis {#sec014}

All mortality data were geolocated to identify the municipality of residence of the registered death. The maternal deaths were weighted by the population for that given year. The neonatal mortality was weighted by the number of newborns in that given year. [Fig 2](#pone.0235954.g002){ref-type="fig"} details how a space time cube (STC) of mortality rates was created. Each bin in the [Fig 2](#pone.0235954.g002){ref-type="fig"} was analogous to a municipality. The X (latitude) and Y (longitude) axis correspond to the regular spatial distribution of spatial data. Each time slice corresponds to the mortality rates distributed across the Brazilian territory for one year. A time series describes the evolution of the mortality trends through the years analyzed for each municipality. The outcome of the analyses is an orientation of the time trend tested. Two possible trend orientations were allowed: up or down \[[@pone.0235954.ref020]\]. The identity the level of statistical significance the Mann-Kendall trend test is performed on every location with data as an independent bin time-series test. The bin value for the first time period is compared to the bin value for the second. If the first is smaller than the second, the result is a +1. If the first is larger than the second, the result is -1. If the two values are tied, the result is zero. A small p-value indicates the trend is statistically significant. The trend for each bin time series is recorded as a z-score and a p-value. The sign associated with the z-score determines if the trend is an increase in bin values (positive z-score) or a decrease in bin values (negative z-score). The STC tool from ARCGIS PRO 10 was used to build the temporal trend regarding neonatal and maternal mortality. Municipalities highlighted as up-trending exhibited a pattern of increased mortality across the years analyzed. The municipalities flagged as down-trending demonstrated the opposite behavior. To define the space time trend, each municipality was compared only with its own data. Green areas highlight an increasing trend regarding the mortality rates in the period. Red areas define a decreasing trend. The outcome categorization of the space time trends for each municipalities were clustered using a Getis-Ord-Gi hotspot analysis \[[@pone.0235954.ref021]\].

![Structure of the space time cube for a defined location.\
Source: Environmental Systems Research Institute \[[@pone.0235954.ref022]\].](pone.0235954.g002){#pone.0235954.g002}

The Gegis-Ord local statistic is given as: $$G_{i}^{*} = \frac{\sum\limits_{j = 1}^{n}w_{i,j}x_{j} = \overline{X}\sum\limits_{j = 1}^{n}w_{i,j}}{S\sqrt{\frac{\left\lbrack {n\sum\limits_{j = 1}^{n}w_{i,j}^{2} - {(\sum\limits_{j = 1}^{n}w_{i,j})}^{2}} \right\rbrack}{n - 1}}}$$ where *x*~*j*~ is the attribute value for feature *j*, *w*~*i*,*j*~ is the spatial weight between feature *i* and *j*, *n* is equal to the total number of features and: $$\overline{X} = \frac{\sum\limits_{j = 1}^{n}x_{j}}{n}$$ $$S = \sqrt{\frac{\sum\limits_{j = 1}^{n}x_{j}^{2}}{n} - {(\overline{X})}^{2}}$$

The $G_{i}^{*}$ statistic is a *z*-score so no further calculations are required.

Red regions (hot spots) highlighted clusters of municipalities with an up-trend considering the indicator analyzed. Additionally a hot spot can also point out to groups of municipalities with a decreasing pattern below the average of the neighboring areas. Blue areas (cold spots) defined groups of municipalities with low trends regarding mortalities rates or with decreasing trend above the neighboring municipalities. Thus, red areas highlight regions with challenges in terms of neonatal and maternal mortality. Whilst blue areas pointed out for municipalities with a better condition in terms of mortality reduction.

### Second step: Current accessibility to emergency services {#sec015}

We used the 2SFCA approach to assess the accessibility to EmCOC \[[@pone.0235954.ref023], [@pone.0235954.ref024]\]. The 2SFCA create an index of availability of health facilities weighted by population for a specific region. A higher index indicates an increased availability of a specific health service. By using this approach, we were able to assess accessibility to hospitals offering neonatal and maternal care by the interaction of two geographic characteristics: (a) volume of services provided to a determined population and (b) the proximity of services to that population \[[@pone.0235954.ref025]\]. The coverage area defined as input to the 2SFCA was of 120 kilometers (approximately 2 hours of displacement), corresponding to the recommendations by the Lancet Commission on Global Surgery \[[@pone.0235954.ref026]\]. A hospital was considered as offering maternal care if there was at least one obstetric bed. For neonatal care, a hospital should have at least one neonatal ICU. A ratio among the selected beds and the population within the distance considered was built as a measure of hospital capacity. A capability index for each hospital was calculated by dividing the average number of beds by the population within the 120 km buffer surrounding the hospital. The equation is: $$R_{j} = \frac{S_{j}}{\Sigma_{k \in {\{{d_{ij} \leq d_{0}}\}}}\frac{D_{k}}{1000}}$$ where d kj is the distance between k and j, D k is the demand at location k that falls within the catchment, and S j is the availability of beds at location j.

In the second step, the capability indices of all hospitals within 120 km from each municipality's centroid were combined. For each demand location i, we search all supply locations j that are within the threshold distance d~0~ from location i and sum up the supply-to-demand ratios R~j~ at those locations to obtain the full accessibility A~i~^F^ at demand location i. The final equation of accessibility index is $$A_{i}^{F} = \underset{j \in {\{{d_{ij} \leq d_{0}}\}}}{\Sigma}R_{j} = \underset{j \in {\{{d_{ij} \leq d_{0}}\}}}{\Sigma}(\frac{S_{j}}{\Sigma_{k \in {\{{d_{ij} \leq d_{0}}\}}}\frac{D_{k}}{1000}})$$

This produced an *accessibility index* of EmCOC for *each municipality*. The outcome of the 2SFCA was submitted to Getis-Ord-Gi clusters analysis with FDR correction to categorize regions according to accessibility levels \[[@pone.0235954.ref021]\]. Red clusters pointed out areas with a higher access index while blue regions emphasized clusters of low accessibility. The different shades of red and blue highlights the confidence level for each cluster identified.

### Third step: Overlap analysis among mortality hotspots and cold spots of access to emergency services {#sec016}

The third step corresponded to a spatial overlap of the two previously mentioned analytical steps. The municipalities identified as hotspot clusters regarding the mortalities rates were overlapped with the cold spots by the accessibility index. After these overlapping steps, we had a subset of municipalities categorized as hotspots for mortality rates concomitantly facing scarce access to EmCOC. All analyses were done using the ARCGIS PRO 10.5.

Results {#sec017}
=======

From 2000 to 2015 Brazil the overall neonatal mortality rate varied from 11,42 to 11,71 by 1000 live births. The Northeast presented an increasing pattern of neonatal mortality for the time-span analyzed. The other regions showed a decreasing volume of deaths through the years considered. The maternal mortality presented a slightly decrease from 2,98 to 2,88 by 100 thousand inhabitants. The distribution of death across Brazilian regions highlighted a higher volume of deaths in Northern and Northeastern regions ([S1 Fig](#pone.0235954.s001){ref-type="supplementary-material"}).

Space-time geographical analysis of neonatal and maternal mortality {#sec018}
-------------------------------------------------------------------

[Fig 3](#pone.0235954.g003){ref-type="fig"} depicts the STC outcome for neonatal and maternal mortality. For neonatal mortality the Northeast and North regions presented the highest number of municipalities categorized as up trending. For maternal mortality the North region exhibited the higher volume of municipalities classified as up treding ([Fig 3A and 3B](#pone.0235954.g003){ref-type="fig"}).

![Space time cluster and hotspot analysis of the mortality rates by type (maternal or neonatal).](pone.0235954.g003){#pone.0235954.g003}

The Getis-Ord-Gi analysis helped to highlight the general clustering trend for the country ([Fig 3C and 3D](#pone.0235954.g003){ref-type="fig"}). Several hot spots were pointed out in the North, Midwest, and Southeast regions for maternal mortality. Regarding the neonatal mortality, an expressive hot spot cluster covers an axis from North to South of the country, crossing all Brazilian regions. The hotspots highlighted regions facing challenges to foster the process of mortality reduction for both indicators analyzed, either for being up trend regions or for being downtrend regions with progress below the neighboring average.

Accessibility to EmCOC {#sec019}
----------------------

The lack of emergency care services is more prominent for neonatal beds than for maternal care ([Fig 4A and 4B](#pone.0235954.g004){ref-type="fig"}). The accessibility index highlighted large portions of the North and Midwest region without any coverage of maternal or neonatal beds. For some regions of the country the hot spot analysis showed opposite patterns of accessibility concerning both indicators monitored. The Northeast region simultaneously exhibited hot spots of availability related to obstetric beds, associated with cold spots regarding neonatal ICUs ([Fig 4C and 4D](#pone.0235954.g004){ref-type="fig"}). The South and Southeast regions presented an opposed relation when you compare the accessibility to maternal and neonatal beds.

![Accessibility index through 2SFCA and its Getis-Ord-Gi index, hospital beds by type (obstetric or neonatal).](pone.0235954.g004){#pone.0235954.g004}

Neonatal and maternal mortality trends and lack of emergency services access {#sec020}
----------------------------------------------------------------------------

For the maternal domain, a group of municipalities in the Southeast, Midwest, and North regions were selected as hotspots, simultaneously with a low accessibility cluster concerning emergency services. For the neonatal care, several groups of municipalities in the North, Northeast, Southeast, Midwest and South regions had low access to neonatal ICU beds, being simultaneously categorized as hotspots regarding the neonatal mortality. The states of Maranhão, Bahia, Tocantins and Goiás had a large number of municipalities selected according to this approach ([Fig 5](#pone.0235954.g005){ref-type="fig"}).

![Municipalities in regions of high mortality and low access to emergency child and obstetric care.](pone.0235954.g005){#pone.0235954.g005}

Conclusions {#sec021}
===========

The main objective of this work was to better understand how the lack of emergency care regarding EmCOC can be related to maternal and neonatal mortality levels. The use of space time analysis tools conjointly with an accessibility analysis highlighted regions in Brazil facing challenges regarding maternal and neonatal care. To best of our knowledge, the use of geospatial techniques to identify space-time trends in the domain of EmCOC is relatively new with no previous studies reported on PUBMED using this approach conjointly with gravity models of spatial interaction.

The sustainable development goals defined by the United Nations \[[@pone.0235954.ref027]\] have specific aims dedicated to maternal and newborn health. By 2030, the volume of maternal and newborn preventable deaths should be reduce from all signatory countries. Complications associated with deliveries and newborns are sensitive to access to emergency services \[[@pone.0235954.ref028]\]. The LMIC setting consists of mixed scenarios captured by the Brazilian reality. The existence of differences and inequities within countries is a common situation. Without effective approaches to perform a health situation analysis, policymakers are unable to make proposals for improvements. The capacity to quickly identify trends in a dynamic environment and, from these findings, foster evidence based changes are crucial needs to handle EmCOC challenges.

The main obstacle for policymakers aiming to overcome barriers of access related to EmCOC is to get a deep comprehension of the health situation of a specific territory \[[@pone.0235954.ref029]\]. The sequence of steps defined through this paper can be applied to other scenarios with little effort. Additionally, the outcome of the guideline here has the potential to drive the prioritization of emergency health policies to areas facing lack of access and challenges to foster the neonatal and maternal mortality reduction. The availability of financial and human resources to promote improvements regarding EmCOC are usually limited, no matter the country context \[[@pone.0235954.ref026]\]. Thus the delineation of approaches capable of supporting the process of priority selection can help optimize the use of limited resources to maximize their results. The use of GIS represents a powerful tool aligned with this proposal. Despite its potential, only recently GIS solutions have been applied to address issues concerning maternal and child health \[[@pone.0235954.ref029]--[@pone.0235954.ref031]\].

The STC analysis demonstrated an apparently dispersed number of municipalities with up trends regarding neonatal and child mortality. Despite this initial perspective, the clusters analysis revealed significant groupings of municipalities facing challenges to reduce the mortality rates considering the 15 years analyzed. The clusters related to maternal mortality defined an axis from the North region to the Southeast portion of the country. The neonatal mortality clusters crossed a vertical axis from North to South. One point demanding our attention was the fact that nearly half of Northeast region was highlighted as an hotspot area. Considering a time span of 15 years, the evidence provided through the STC approach lay emphasis on health problems that must be addressed to guarantee the fulfillment of the sustainable development goal targets. The maternal and neonatal mortalities are complex and multidetermined events. The STC can act only as a screening technique capable of highlighting where undesirable outcomes are happening. This way, more profound studies can be performed to identify the probable causes behind the patterns observed.

Ideally, EmCOC should be available to everyone with complications within 2 hours of travel time to provide lifesaving interventions \[[@pone.0235954.ref028], [@pone.0235954.ref032]\]. The accessibility analysis performed exhibited several areas in the country with no emergency bed within 2 hours of distance. Taking into consideration both indicators analyzed, the existence of obstetric beds is more critical with an axis of low accessibility crossing the Northeast, Southeast and South regions. Thus, the lack of obstetric beds is even larger than highlighted through the cold spot clusters. When considering the access to neonatal ICU, the Northeast and the South regions had several clusters with low availability of beds. The same caution should be taken when analyzing neonatal clusters regarding the inexistence of beds in several areas in the North and Midwest region. The 2SFCA analysis revealed a need to develop policies to address the inequalities in bed distribution across the country.

Access to EmCOC is vital to reduce and manage complications, and prevent adverse maternal and neonatal outcomes \[[@pone.0235954.ref028]\]. The groups of municipalities highlighted in [Fig 5](#pone.0235954.g005){ref-type="fig"} represent regions characterized as an challenging context in terms of mortality and access to maternal and newborn emergency services. These municipalities presented a historical trend of high levels or slow reduction of mortality. The diagnostics performed throughout this paper can act as starting point to trigger further investigations about the causes behind the situation identified. We observed a relation among low income regions of Brazil and most parts of the municipalities highlighted as having a severe situation. States like Bahia, Maranhão and Minas Gerais had several groups of critical municipalities for both indicators. The outcomes achieved through application of GIS approach can help policy makers to drive additional investigations in these places aiming to improve the understanding of elements explaining the results observed. Another conclusion from the analysis is the need to design different strategies for the country considering the differences observed. Some regions need improvements in the availability of beds while others need more broad approaches to better understand why the temporal trends are pointing to an increase in mortality through time.

Despite the innovative use of space-time trend tool together with a spatial interaction technique the present work has some limitations. We considered the availability of beds as proxies of emergency care and this relation is probabilistic. The mere existence of an emergency bed is no guarantee of appropriate care. Additional elements can help to better characterize the quality of emergency care and should be incorporated in future studies. While the mortality data comprised a time span of 15 years, the information about hospital location relate only to 2015. There was no information available about the geolocation of health facilities for complete time span from 2000 to 2015, and this is a limitation of the Brazilian databases. Despite this, the assessment of the emergency health care network in 2015 still enables policymakers to intervene on the current health facilities structure. Another limitation was the use of euclidean distances to evaluate accessibility. The linear distance is not always similar to the road distances to reach a facility, particularly in the Amazon region. Our idea was to adopt an approach capable to handle the situations observed in large cities, as well as in regions of forest, like in the Amazon. Most academic papers describing methodological developments or improvements such as those for the 2SFCA method underestimate the importance of the geographic details in LMIC as the absence of road access in rural or forest areas, the presence of geographical obstacles like rivers, and other issues present in the Brazilian context. One of the difficulties of calculating spatial accessibility is modeling across vastly different population densities and dispersions. This point is exactly the key strength of the 2SFCA method, once it can be readily applied to both metropolitan and rural areas.

Future studies can go further in the investigation of the causes behind the up trend in mortalities rates for some regions in Brazil. Using additional data about road network, volume of population and others aspects capable to qualify the emergency care will be possible to provide insights and better support the policy making process. The maternal and child mortality are events relatively rare when compared to other types of mortality. Near-miss indicators for maternal and child mortality have been used as proxies to better understand patterns highly associated to deaths. Thus, the use of near-miss indicators for situations may provide a better perspective of the country in terms of lack of care dedicated to EmCOC. Unfortunately was not possible to calculate the near-miss indicators for the present work, but highlight the possibility as future work. Inequity analysis based on income level should also be performed to assess if the high burden of deaths overlaps with poor regions.

The evidence discussed in this work called out for the importance of a GIS approach to produce evidence capable to support the policy making process. Despite its potential solutions, mixing epidemiological, clinical and geographical knowledges are scarce in the literature \[[@pone.0235954.ref029]\]. The sequence of steps designed here can help governments, health managers and policy makers to better drive interventions aiming to improve EmCOC.

Supporting information {#sec022}
======================

###### Distribution of mortality rates by region from 2000--2015, Brazil.

(TIF)

###### 

Click here for additional data file.

###### Distribution of municipalities by space-time cube trend, by region, from 2000--2015, Brazil.

(TIF)

###### 

Click here for additional data file.
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Conclusions: suggest reviewing this section and making it more succinct and more linear. It is difficult to follow the main conclusion (lack of specialty beds corresponds to increased mortality) and subsequent recommendations, and the authors bring in additional information into this section that is not previously addressed (i.e. relating the results to municipality income, which is not previously addressed or analyzed -- page 12, line 257).

Figures:

Figure 1: the legend for this is unclear as the designation for the states and regions is the outline and not the color within each area; suggest changing the legend to have straight colored lines rather than boxes to designate the geographic areas.

Figure 2: the purpose of this figure is unclear as to why this was selected to illustrate a subset of the methodology and other areas of the methodology were not.

Figure 3: suggest explaining a bit more why some of the hot spots do not seem to correlate with the up-trends/down-trends; for example, there seems to be areas of down-trend in the Pará and Mato Grosso states but then these areas are

not highlighted as cold spots.

Figure 4: suggest a review of the legend - should these densities all be greater than or equal (≥) to instead of less than or equal to (≤)? Additionally, the format should have (.) rather than (,). Also, for ease of interpretation should be ranges of whole numbers, rather than discrete numbers with six decimal places? Finally, the inconsistent scale is a bit misleading -- the densities listed are approximately 2.7, 4.2, 5.4, 6.9, 9.4, and then 35.7 regarding obstetric beds and 0.8, 1.7, 2.3, 2.9, 3.5, and then 9.9 regarding neonatal beds; suggest revision with a focus on consistency.

Overall, the work is an extremely important topic and a well-written manuscript. Would strongly recommend the authors review and revise the description of their methodology as well as the presentation of their results -- specifically to provide additional details of the tools used, to clarify both the description of the results and the figures, and to check for consistency in terminology throughout -- and address the minor comments listed above in order to more clearly highlight their main conclusions and to make more robust recommendations for future research and possible interventions. Thank you for this important work.

Reviewer \#2: Using the presence of a neonatal ICU and of an obstetric bed as an indicator that emergency obstetric and neonatal service are present seems a bit of a reach, without knowing the staffing, other resources and any other information regarding the facilities. I see this addressed in limitations (line 267-270) by the admission at further study is needed but not sure this is adequate as the study is predicated on this assumption.

If indeed the study is meant only as a "screening tool" to identify areas in need of resources/further intervention, why not just simply at all areas with high maternal/neonatal mortality rates? by limiting \"hotspots\" to areas with few beds, much of the area with high mortality are eliminated.

"Hotspots" of low access and high mortality rates are nicely defined and highlighted (figure 5) however there is no analysis of the locations that buck this trend (demonstrated in total data in prev figures, areas that have high mortality despite presence of beds, etc). Are the authors hoping to show that, in Brazil, there is a correlation between low access (ie few beds in this case) and high mortality, or is this assumed based on previous knowledge/publications, and the authors are using the "hotspots" to help guide policy, i.e. demonstrate where more resources for maternal and neonatal health should be devoted?

To address the above issues, i would suggest a little more detail showing why the number of beds can be used as a proxy for emergency services in this case, and also some background / reference to any studies that show presence of these beds correlates with improvements in maternal and neonatal mortality. also a clarification of the goal of the paper and what the intention is; the objective states \"to better understand how the lack of emergency child and obstetric care can be related to maternal and neonatal mortality levels\" but that is not what this study does.
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Dear Dr. Rocha,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

==============================Additional Editor Comments (if provided):

Please find the comments from the reviewers below. As they highlight, your manuscript addresses a critical topic and your approach is novel and thoughtful. However, there are methodologic and writing concerns which require revision prior to publication.

==============================

We would appreciate receiving your revised manuscript by Dec 27 2019 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

● A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.

● A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.

● An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Regan Marsh, MD, MPH

Academic Editor

PLOS ONE

Journal Requirements:

When submitting your revision, we need you to address these additional requirements.

Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at

<http://www.journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and <http://www.journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

Reviewers\' comments:

Reviewer\'s Responses to Questions

Comments to the Author

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Partly

Reviewer \#2: Partly

\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: No

Reviewer \#2: Yes

\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The PLOS Data policy requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: No

Reviewer \#2: Yes

\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Núbia Cristina da Silva Rocha et al conduct a very interesting study of an extremely under-represented and important topic: access to specialty hospital beds and the possible association with maternal and neonatal mortality. Furthermore, their use of GIS -- a relatively novel methodology -- is quite unique in their setting. My main concerns are, while overall a well-designed and incredibly important study, the authors have some serious flaws in the description of their methodology as well as an incomplete/unclear presentation of their results.

We appreciate your comments. We updated the manuscript to better describe our methodological steps, as well as to make the results sections more clear.

Major comments:

1\. Incomplete description of their methodology. For example, more details are needed regarding the "geospatial analyses" (page 3, line 66) conducted. The specific tools are listed, but there is no description of specific formulae used or if any specific features/corrections/weighting that may have been used within the tools (i.e. their choice of using 2SFCA and Getis-Ord-Gi vs other related tools or versions of these tools as well as any modifications they may have made for their analyses).

We updated the description of the methods used. Additionally, we also added the formula for the 2SFCA, as well as for the space-time cube and the Getis-Ord-Gi clusters analyses. We also described any correction performed, and the analysis parameters selected for each analytical step.

We acknowledge the reviewer\'s suggestion. Given the complexities of evaluating access at the macro national level of a country, we understood that the 2SFCA without the enhancements would be conservative to envelop areas without infrastructure, rural areas, and geographical barriers. Many recent 'improvements' to the original 2SFCA method have been developed, which generally either account for distance-decay within a catchment or enable the usage of variable catchment sizes. Generally, these improvements aim to address one of two deficiencies of Wang and Luo's original (crude) 2SFCA method: (1) accounting for distance decay within a catchment; and (2) enabling variable catchment sizes or variable application of distance-decay. Despite some criticisms of the step-decay function having a sudden drop in access at the edge of each zone, these results showed relatively minor differences when comparing the continuous and slow-zone functions, particularly in more sensitive rural areas. A continuous-decay function may intuitively be preferable to a step-decay function, but it is difficult to define an appropriately shaped function that matches 'real' behavior of the population (chiefly because of poor empirical evidence for health care seeking behavior).

Importantly, the application of any distance-decay function creates a strong concentric pattern of high to low access scores out through metropolitan-fringe and into nearby rural areas. This 'overcorrection' in metropolitan-fringe areas is a problem when the scope of the analysis considers a large portion of rural areas. That is exactly the situation we faced during the analysis. Our idea was to adopt an approach capable to handle the situations observed in large cities, as well as in regions of forest, like in the Amazon. Most academic papers describing methodological developments or improvements such as those for the 2SFCA method underestimate the importance of the specifics of the geography under consideration - like no road access, presence of geographical obstacles and others present in the Brazilian context. One of the difficulties of calculating spatial accessibility is modeling across vastly different population densities and dispersions. This point is exactly the key strength of the 2SFCA method, once it can be readily applied to both metropolitan and rural areas.

Additionally, they do not describe the specific statistical analyses used to determine the level of confidence shown in their figures.

Additional information to describe the statistical tests performed were added.

Additionally, no mention is made of the completeness/quality of the public databases used as sources for mortality and for resource availability; this is important as this is often a significant limitation in many studies in all settings, particularly lower-resourced settings.

The details concerning the data limitations were added. The lack of availability of the geolocation form all Brazilian facilities ranging from 2010 to 2015 is an example of a limitation highlighted.

Also, it is unclear regarding the "geolocation to each municipality of residence of the death" (page 6, line 111) whether this is where the death actually occurred or if it is the address of the residence of the individual who died. Depending on which it is, suggest this also be listed as a limitation and/or an area for further study as each designation offers very different information and has very different implications post-analysis.

We rephrased this period. All deaths are related to the municipality which the person lives. We opt to use the municipality of residence once the lack of access may negatively affect outcomes due to the large distances to be overcome to reach an emergency care facility.

Finally, some of the other methods/parameters used or details regarding these methods, such as their use of straight lines for their distances (120km), is listed elsewhere in the manuscript or not listed at all; this type of information should all be listed in the methods section.

We revised the manuscript to group this information in the methods section. When not listed we added the details concerning the option adopted.

2\. Incomplete/Unclear presentation of results. For example, in page 6, lines 118-132, the text appears to inconsistently describe what is green/red and up-trending/down-trending/not down-trending at the appropriate rate -- i.e. up-trending is described as green here, but red elsewhere. Also, page 6, lines 127-8 describe "municipalities with a decreasing pattern below the average of the neighboring areas", but this is not fully defined as to how this was determined, and it was not analyzed independently even though it is potentially a different outcome/condition. Also, based on the supplemental information, it appears that a large proportion of the municipalities had no significant change in mortality trends over the fifteen-year period, so it is unclear how this is accounted for/affects the results.

We updated the text to align the reference of colors and trends. The space time cube analysis highlights the mortality trends between two points of a spectrum - decrease or increase. Brazil has more than 5 thousand municipalities. Identify a trends comparing hundreds of municipalities in a map is an almost impossible task to regular human perception. Thus the cluster analysis intended to depict the general trend emerging from the space time analýsis to define regions where the mortality is increasing or not decreasing as expected due the surrounding conditions observed in a region. The definition of a hot spot clusters using the Getis-ord-Gi approach is based in the average comparisons between neighbors. The Getis-ord-Gi analysis performed with the results of the space time cube helps to identify exactly the regions where the mortality is not decreasing, or is decreasing accordingly to a lower pace than expected, taking into consideration values presented by neighbors municipalities.

Finally, they discuss in their conclusions that a significant amount of the country was not analyzed given the complete lack of beds, but it is unclear why they would not also analyze the mortality in these regions as this would only strengthen their conclusions (page 11, lines 243-5).

In this specific section we highlighted that a significant portion of two regions were not even analyzed due to its completely lack of beds. The mortality in these municipalities was analyzed.We agree with your suggestion and updated the analysis to take into consideration regions with a complete lack of beds as priority if they overlap with hot spots regions of high mortality. The maps are updated accordingly.

Minor comments:

Manuscript: In general, suggest reviewing the grammar and tense throughout the manuscript as it is often inconsistent. A few examples are listed below.

Page 2, lines 44-45 -- suggest examining the syntax.

We reviewed the text

Page 3, line 52 -- suggest examining the syntax.

We reviewed the text

Page 7, line 142 and page 11, lines 239-41 -- the "within 120km" recommendation is not included (as far as I can tell) within the source that is listed as the justification for this. Additionally, as the authors point out the use of Euclidian distances does not equal time or actual distance experienced by patients; suggest using consistency in defining this throughout (i.e. not switching between the use of "120km" and "2 hours").

We reviewed the mentions of euclidean distance and time to reach the health facility to align all descriptions.

Page 8, line 168 -- mis-spelling.

We reviewed the text

Page 11, line 245 -- mis-spelling.

We reviewed the text

Page 12, lines 266-276 -- agree with the limitations listed here; the authors touch on this, but suggest that the authors discuss even more some of the ways these could motivate/lead to additional studies.

We added a deep discussion concerning the limitations. Additionally we pointed out for other topics not previously comprised in the document.

Page 12, line 272 -- the authors list the "complete time span" as "2010 to 2015"; but they likely meant "2000 to 2015".

We corrected this phrase.

Conclusions: suggest reviewing this section and making it more succinct and more linear. It is difficult to follow the main conclusion (lack of specialty beds corresponds to increased mortality) and subsequent recommendations, and the authors bring in additional information into this section that is not previously addressed (i.e. relating the results to municipality income, which is not previously addressed or analyzed -- page 12, line 257).

Figures:

Figure 1: the legend for this is unclear as the designation for the states and regions is the outline and not the color within each area; suggest changing the legend to have straight colored lines rather than boxes to designate the geographic areas.

We changed the legend to make it more clear.

Figure 2: the purpose of this figure is unclear as to why this was selected to illustrate a subset of the methodology and other areas of the methodology were not.

The aim of the figure two is to better represent the logic behind the definition of a space-time cluster, once it combines two dimension of information. We opt to no present the same type of figure for the two step float catchment area once this technique was widely used to asses access to health facilities. On the other hand the space-time cube approach is relatively new in health care assessment.

Figure 3: suggest explaining a bit more why some of the hot spots do not seem to correlate with the up-trends/down-trends; for example, there seems to be areas of down-trend in the Pará and Mato Grosso states but then these areas are not highlighted as cold spots.

One point that must be discussed is that in Brazil there is a lot of small municipalities. The limits of this municipalities are not highlighted in this figure. For defining a clusters a range of distance is established as limit to search for similar patterns. For the country the average distance defined was of 364km. Thus if a municipality even presenting a similar trend but farway more than 364 km don\`t met the necessary criteria to set a cluster. That is the reason why the overlap between the maps in the box A and B doesn\`t present a perfect overlap with the hotspot analysis outcome. The use of the cluster analysis (box C and D) is exactly to go beyond the raw pattern and identify statistically significant clusters within the range defined of 364km.

Figure 4: suggest a review of the legend - should these densities all be greater than or equal (≥) to instead of less than or equal to (≤)? Additionally, the format should have (.) rather than (,). Also, for ease of interpretation should be ranges of whole numbers, rather than discrete numbers with six decimal places? Finally, the inconsistent scale is a bit misleading -- the densities listed are approximately 2.7, 4.2, 5.4, 6.9, 9.4, and then 35.7 regarding obstetric beds and 0.8, 1.7, 2.3, 2.9, 3.5, and then 9.9 regarding neonatal beds; suggest revision with a focus on consistency.

We reviewed the legend of the figure accordingly to your suggestions.

Overall, the work is an extremely important topic and a well-written manuscript. Would strongly recommend the authors review and revise the description of their methodology as well as the presentation of their results -- specifically to provide additional details of the tools used, to clarify both the description of the results and the figures, and to check for consistency in terminology throughout -- and address the minor comments listed above in order to more clearly highlight their main conclusions and to make more robust recommendations for future research and possible interventions. Thank you for this important work.

We appreciate your contributions. We revised the topics highlighted to improve the way our message are being transmitted.

Reviewer \#2: Using the presence of a neonatal ICU and of an obstetric bed as an indicator that emergency obstetric and neonatal service are present seems a bit of a reach, without knowing the staffing, other resources and any other information regarding the facilities. I see this addressed in limitations (line 267-270) by the admission at further study is needed but not sure this is adequate as the study is predicated on this assumption.

We believe that the process to create evidence capable to support the assessment of access is a incremental approach. The complete lack of hospital beds available by itself defines a situation of care gap. That is the situation for large portions of Brazil. Without solving this point the population living in these regions has no option to get access to EmCOC. Additionally, the regions highlighted in the figure 5 (last figure of the manuscript) are in care gap circumstances during the last decade. We agree that additional points define the adequate care necessary and recommended for all. Despite this, our work was dedicated to assess the first essential step, without which the other topics couldn\`t be evaluated. Without hospitals is impossible to discuss if the number of RH staff is enough to provide adequate care.

If indeed the study is meant only as a "screening tool" to identify areas in need of resources/further intervention, why not just simply at all areas with high maternal/neonatal mortality rates? by limiting \"hotspots\" to areas with few beds, much of the area with high mortality are eliminated.

Both reviewers of the work raised this question. We adjusted the analysis to incorporate areas with high mortality as well as areas with scarce access to emergency centers. But for this time we not only considered scarce access as the result of the 2SFCA analysis, but also regions with no hospital beds at all. We agreed with the reviewers that the change in the priority area may be suitable to better relate the lack of access with areas presenting a high mortality trend.

"Hotspots" of low access and high mortality rates are nicely defined and highlighted (figure 5) however there is no analysis of the locations that buck this trend (demonstrated in total data in prev figures, areas that have high mortality despite presence of beds, etc). Are the authors hoping to show that, in Brazil, there is a correlation between low access (ie few beds in this case) and high mortality, or is this assumed based on previous knowledge/publications, and the authors are using the "hotspots" to help guide policy, i.e. demonstrate where more resources for maternal and neonatal health should be devoted?

Our idea aimed to identify regions facing historic challenges in terms of high mortality trends simultaneously with a lack of access to EmCOC. Our point is that these regions should receive more attention in terms of policies and resource investments. Being able to identify areas to drive investments the methodological steps designed could help other countries to perform similar evaluation aiming to better identify regions to be prioritized.

To address the above issues, i would suggest a little more detail showing why the number of beds can be used as a proxy for emergency services in this case, and also some background / reference to any studies that show presence of these beds correlates with improvements in maternal and neonatal mortality. also a clarification of the goal of the paper and what the intention is; the objective states \"to better understand how the lack of emergency child and obstetric care can be related to maternal and neonatal mortality levels\" but that is not what this study does.

We updated the sections highlighted by you.

\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_
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